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(54) INKJET RECORDING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Inkjet 

recording method which enables the recording of a - 



picture of high quality as well as high resolution stably. 
SOLUTION: The Inkjet recording method is applied for 
performing a printing operation by the process 
comprising a step of forming an ink strand by making 
electrostatic force act on ink prepared by dispersing the 
charged particles containing color material into a 
dispersion medium in an Inkjet head, a step of making ' " ■ 

the ink liquid-droplets discharged by dividing the strand 
and a step of forming an image dot by making the liquid ^"^ ,^ ' 

droplets impacted on a recording medium moving * ^ ^ , 

relatively with the Inkjet head. In case the symbols of the s * ^ 

factors such as a relative travel-speed between the 

recording medium and an outlet for discharging the liquid droplets, a dividing frequency of the 
strand and a diameter of the strand are defined as v, f and d, respectively, the formula of (v/f) 
<(axd) is satisfied. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1] 
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[Drawing 2j 
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[Drawing 3] 
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[Drawing 4] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

By nnaking electrostatic force act on the ink which distributes the charged particle containing a 
color material to carrier fluid, it is related with the Inkjet recording method which makes the 
drop of Ink breathe out. 
[Background of the Invention] 
[0002] 

The particles to which the Inkjet recording of the electrostatic type was charged, for example 
Including a color material. According to image data, using the ink composition (It Is hereafter 
considered as Ink) which distributes (it is hereafter considered as a coloring material particle) 
by Impressing predetermined voltage to each discharge part of an Inkjet head. The 
regurgitation and the picture corresponding to [ control and ] image data are recorded for Ink 
on a recording medium using electrostatic force. 
[0003] 

As this electrostatic Ink-jet recording device, the ink-jet recording device of the indication to the 
patent documents 1 Is known, for example. 

The key map of the Inkjet head of the electrostatic ink-jet recording device indicated by the 

patent documents 1 Is shown In drawing 4. 

[0004] 

This Inkjet head 80 Is provided with the head substrate 82, the ink guide 84, the Insulating 
substrate 86, the control electrode 88, the electrode substrate 90, the DC-bias voltage source 
92, and the pulse voltage source 94. 

The delivery (breakthrough) 96 for carrying out the regurgitation of the ink is formed in the 
insulating substrate 86. It extends in the arrangement direction of this delivery 96, the head 
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substrate 82 is formed, and the ink guide 84 is arranged on tlie liead substrate 82 of tlie 
position to wliicli a delivery corresponds. The inl< guide 84 penetrated the delivery 96 and the 
tip end part 84a has projected it above the surface of an opposite hand the head substrate 82 
side of the insulating substrate 86. 
[0005] 

The head substrate 82 and the insulating substrate 86 detach a predeternnined interval, and 

are arranged, and the channel of the ink Q is formed among both. 

By the circulator style of the ink which is not illustrated, the ink Q containing the voltage 

impressed to the control electrode 88 and the particles (coloring material particle) electrified to 

like-pole nature circulates through the inside of this ink passage 98 toward left-hand side for 

example, from the figure Nakamigi side, and ink is supplied to each delivery 96. 

[0006] 

The control electrode 88 is formed in the surface of the field by the side of the recording 
medium P of the insulating substrate 86 at ring shape so that the circumference of the delivery 
96 may be surrounded. The control electrode 88 is connected to the pulse voltage source 94 
which generates pulse voltage according to image data, and this pulse voltage source 94 is 
grounded via the DC-bias voltage source 92. 

In the Inkjet recording of such an electrostatic formula, preferably, by the electrification unit 
using a scorotron electrifying device etc., the recording medium P is in the state where it was 
charged in high tension contrary to a control electrode, and is held at the insulating layer 91 of 
the grounded electrode substrate 90. 
[0007] 

In the Inkjet recording of such an electrostatic type, In the state where voltage is not 
impressed to the control electrode 88. As the Coulomb attraction of the bias voltage by a 
counterelectrode and the coloring material particle in ink, the viscosity of ink (carrier fluid), 
surface tension, the repulsive force between charged particles, the fluid pressure of ink supply, 
etc. gang and it is shown in drawing 4 , Ink became the meniscus shape which rose a little from 
the delivery (nozzle) 96, and balance is maintained. 

It is in the state where the coloring material particle migrated, and moved to meniscus shape, 

namely, ink was condensed by this Coulomb attraction. 

[0008] 

If voltage is impressed to the control electrode 88 (regurgitation ON), it will be superimposed 
on bias voltage and driver voltage, as a result, the ink Q will be attracted at the recording- 
medium P (counterelectrode) side, and what is called a tailor corn of approximately conical 
shape will be formed. 

Progress of time will form the long and slender liquid ink pillar several micrometers - about tens 
of micrometers in diameter which the balance of the Coulomb attraction which acts on a 
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coloring material particle, and the surface tension of carrier fluid collapses, and is called **** 
after a voltage impressing start. If time furthermore passes, the tip of **** divides, and towards 
the recording medium P, the drop of ink will be breathed out and will carry out suction flight as 
indicated by the patent-documents 2 grade. 

[0009] 

Here, division of **** is generated on frequency far higher than the drive frequency of the pulse 
voltage for ink discharge. That is, division of **** occurs continuously within 1 time of the 
applying time of pulse voltage many times. Therefore, 1 dot on a recording medium is formed 
by two or more detailed drops breathed out by dissociating. 
[0010] 

In the ink jet of an electrostatic formula, by modulating and impressing pulse voltage to each 
control electrode 88, the regurgitation is turned on and off, an ink drop is modulated and 
breathed out and the regurgitation of the ink drop on demand according to a recorded image is 
usually performed. 

[Patent documents 1] JP,H10-138493,A 
[Patent documents 2] US,4314263,B Description 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0011] 

The Inkjet of such an electrostatic formula has unnecessary independent ink passage, 
septum, etc. for separating each discharge part, if a discharge electrode can be created 
corresponding to a discharge part. Since it is what is called nozzle loess structure, cost 
reduction of an ink jet head, etc. can be planned, and the yield is also high. Since it has the 
above-mentioned structure, also when ink plugging etc. occur in a discharge part, recovery can 
be aimed at by easy processing. 

On the other hand, in the ink jet of an electrostatic formula, since the impact position of the ink 
drop breathed out by division of****, etc. becomes unstable, the problem that the picture of 
instability and the image quality which becomes uneven and is made into the purpose cannot 
be acquired by being stabilized also has a dot formed by two or more drops. 
[0012] 

In [ the purpose of this invention is to solve the above-mentioned problem, and ] the Inkjet 
recording of an electrostatic type. It is in enabling stabilization of the impact position of an ink 
drop, and the stabilization and adjustment of a dot diameter on a recording medium, and 
providing the Inkjet recording method which is stabilized and can record high definition and a 
high resolution picture. 
[Means for Solving the Problem] 
[0013] 
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By making electrostatic force act on ink which distributes a charged particle which contains a 
color material in an ink jet head to carrier fluid in this invention, in order to solve an 
aforementioned problem, Form **** of said ink and a drop of said ink is made to breathe out by 
division of said ****, This drop is made to reach the target on a recording medium which moves 
relatively to said Inkjet head. It is a following formula, when it is an Inkjet recording method 
which records by forming an image dot and a diameter of f and said **** is set [ relative 
movement speed of said recording medium and a discharge part which makes said drop 
breathe out ] to d for v and division frequency of said ****. 
(v/f)<(axd) 

However, a coefficient as which a is determined with density of ink, a flight droplet diameter, 
flight speed, surface tension, and viscosity, 

******** -- an ink jet recording method characterized by things is provided. 

Here, as for said coefficient a, it is preferred that it is [ or more 1.1 ] 15 or less. 

It is preferred that 10 micrometers or less and a diameter of a drop breathed out fill at least one 

side of 20 micrometers or less in a diameter of said ****. 

As for division frequency of said ****, it is preferred that it is higher than image recording 
frequency which controls regurgitation of said drop. 

As for division frequency of said ****, it is preferred that they are 10 or more times of image 

recording frequency which controls regurgitation of said drop. 

[0014] 

It is preferred to breathe out the following drop so that a drop which reached the target on said 
recording medium may be lapped and reached before fixing of a drop which reached the target 
on said recording medium, and to form one image dot. 

It is preferred to control the number of drops of an ink drop which forms one dot according to a 

picture to record. 

It is preferred by making five or more drops of ink drops reach the target in piles on said 
recording medium to form one dot. 
[Effect of the Invention] 
[0015] 

In order to stabilize the impact position of the ink drop on a recording medium in the Inkjet 
recording of an electrostatic formula according to this invention which has the above- 
mentioned composition, Since it can become possible to form one image dot suitably by two or 
more breathed-out drops, the stabilization and adjustment of a dot diameter on a recording 
medium are enabled, the dot of the path made into the purpose can be formed and image 
recording can be performed, it is stabilized and high definition and a high resolution picture can 
be recorded. 

According to this invention, the concentration control and dot diameter control by Pulse Density 
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Modulation can also be perfornned if needed, and it is also possible to fornn high definition with 
higher concentration stability and a high resolution picture nnore highly [ gradation resolution ]. 
[Best Mode of Carrying Out the Invention] 
[0016] 

Hereafter, the Inkjet recording method of this invention is explained in detail based on the 
suitable embodiment shown in attached Drawings. 

[0017] 

The Inkjet recording method of this invention is based on the Inkjet of the electrostatic formula 
which makes electrostatic force act on this ink, and carries out the regurgitation to it using the 
ink which distributes the charged particle (it is hereafter considered as a coloring material 
particle) containing a color material to carrier liquid (carrier fluid). 
[0018] 

As for the carrier liquid used for such ink, it is preferred that it is a dielectric fluid (nonaqueous 
solvent) which has high electrical resistivity (more than 10^ omega-cm preferably more than 
10^° omega-cm). If the electrical resistance of carrier liquid is low, by the driver voltage 
impressed to a control electrode, carrier liquid itself will be charged in response to electric 
charge pouring, and concentration of a coloring material particle will not start. For a certain 
reason, the concern which produces the electrical continuity between the control electrodes in 
which the carrier liquid with low electrical resistance adjoins is also unsuitable for this 
invention. 
[0019] 

As for the specific inductive capacity of the dielectric liquid used as carrier liquid, five or less 
are preferred, and it is 3.5 or less still more preferably four or less more preferably. By 
considering it as the range of such specific inductive capacity, an electric field acts effective in 
the coloring material particle in carrier liquid, and migration takes place easily. 
As for the upper limit of the characteristic electric resistance of such carrier liquid, it is 
desirable that it is a lO^^omegacm grade, and, as for the lower limit of specific inductive 
capacity, it is desirable that it is about 1 .9. The Reason with desirable the electrical resistance 
of carrier liquid being a mentioned range. The Reason with desirable being because the 
regurgitation of the ink drop under a low electric field worsening, and specific inductive 
capacity being a mentioned range, if electrical resistance becomes low is that the color of the 
dot which the electric field was eased by polarization of the solvent and formed by this will 
become thin, or will produce a blot if a dielectric constant becomes high. 
[0020] 

As a dielectric liquid used as carrier liquid, there is a halogenation object of straight chain 
shape or branched state aliphatic hydrocarbon, alicyclic hydrocarbon or aromatic hydrocarbon. 
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and these hydrocarbon preferably. Forexannple, hexane, heptane, octane, isooctane, Deccan, 
isoDeccan, A decalin, nonane, a dodecane, an isododecane, cyclohexane, cyclooctane, A 
cyclodecane, benzene, toluene, xylene, nnesitylene, Isopar C. Isopar E, Isopar G, Isopar H, 
Isopar L, Isopar M (Isopar: trade name of an exon connpany). shell ZORU 70, shell ZORU 71 
(shell ZORU: trade nanne of Shell Oil Co.), AMUSUKO OMS, AMUSUKO 460 solvent 
(AMUSUKO: trade name of a spirits company), silicone oil (for example, Shin-etsu silicone 
company make KF-96L), etc. - it can be independent, or it can mix and can use. 
[0021] 

The coloring material particle distributed by such carrier liquid makes the dispersion resin 
particles for raising fixability contain preferably, although it may be made to distribute in carrier 
liquid by making the color material itself into a coloring material particle. When making 
dispersion resin particles contain, the method of paints of covering with the resin material of 
dispersion resin particles, and making it into resin coating particles, etc. are common, and the 
method of colors of coloring dispersion resin particles and making it into a coloring particle, etc. 
are common. 
[0022] 

If it is the paints and color which are used for the ink jet composition, the ink composition for 
printing (oiliness), or the liquid development agent for electrostatic photographs from the 
former as a color material, it is usable also in which. 

As paints to be used, what is generally used by the technical field of printing can be used 
regardless of an inorganic pigment and an organic color as a color material. Specifically, for 
example Carbon black, cadmium red, molybdate red. Chrome yellow, cadmium yellow, titan 
yellow, chrome oxide, Kinky thread JIAN, cobalt green, ultra marine blue, Prussian blue. 
Cobalt blue, azo pigment, phthalocyanine pigment, quinacridone paints, Paints with 
conventionally publicly known isoindolinone system paints, a dioxazinic pigment, the 
Indanthrene system paints, perylene system paints, peri non system paints, thioindigo system 
paints, kino FUTARON system paints, metal complex paints, etc. can be especially used 
without limitation. 

As a color used as a color material, azo dye, metal complex dye, naphthol dye, Anthraquinone 
dye, indigo dye, a carbonium pigment, a quinonimine dye, Oil colors, such as xanthene dye, 
aniline dye, quinoline dye, nitro dye, nitroso dye, a PENZO quinone color, a naphthoquinone 
color, phthalocyanine dye, and a metal-phthalocyanines color, are illustrated preferably. 
[0023] 

As dispersion resin particles, for example Rosin, rosin modified phenolic resin. The acetal 
denaturation thing of an alkyd resin, acrylic (meta) polymer, polyurethane, polyester, 
polyamide, polyethylene, polybutadiene, polystyrene, polyvinyl acetate, and poly vinyl alcohol, 
polycarbonate, etc. can be mentioned. 
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The polymer whose weight average molecular weight is within the limits of 2,000-1000, and 
000 and whose polydispersed degree (weight average molecular weight/number average 
molecular weight) is within the limits of 1 .0-5.0 from a viewpoint of the ease of particle 
formation is [ among these ] preferred. The polymer which has any one of softening 
temperature, a glass transition point, or the melting points in within the limits which is 40 ** - 
1 20 ** from a viewpoint of the ease of said fixing is preferred. 
[0024] 

In the ink Q, the content (coloring material particle or further total content of dispersion resin 
particles) of a coloring material particle. It is preferred to contain in 0.5 to 30% of the weight of 
the range to the whole ink, and it is more preferably desirable to contain in 3 to 20% of the 
weight of the range still more preferably 1.5 to 25% of the weight. Become easy to produce 
problems - if the content of a coloring material particle decreases, printing image 
concentration does not run short, or the compatibility of the ink Q and the recording-medium P 
surface will become is hard to be acquired, and a firm picture will no longer be acquired -- On 
the other hand, it is ** when content increases. - It is because dispersion liquid become are 
hard to be obtained, or it is easy to produce blinding of the ink Q in Inkjet head 12 grade and 
problems ~ stable ink discharge is hard to be obtained ~ arise. 
[0025] 

0.1-5 micrometers is preferred, and is 0.2-1.5 micrometers more preferably, and the mean 
particle diameter of the coloring material particle distributed by carrier liquid is 0.4-1.0 
micrometer still more preferably. It asks for this particle diameter by CAPA-500 (trade name by 
Horiba, Ltd.). 
[0026] 

After making carrier liquid distribute a coloring material particle (good even if it uses a 
dispersing agent if needed), it is considered as the ink Q which carries out electrification of the 
coloring material particle, and distributes the coloring material particle which carried out 
electrification to carrier liquid by adding an electrification regulator to carrier liquid. At the time 
of distribution of a coloring material particle, a dispersing agent may be added if needed. 
Various kinds of things of an electrification regulator used for the electro photography liquid 
development agent are available as an example. 139-148 pages of "development and 
utilization of the latest electro photography developing system and a toner material". Various 
kinds of electrification regulators given in 497-505 pages (Corona Publishing, 1988 annual 
publications) of Society of Electrophotography of Japan editing "foundation of 
electrophotographic technology and application", 16 (No.2) or 44 pages (1977) of Yuji 
Harasaki "electro photography", etc. are also available. 
[0027] 

As long as a coloring material particle is the driver voltage and like-pole nature which are 
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impressed to the control electrode mentioned later, electrification of it may be carried out to 

any of positive charge and a negative charge. 

the loading dose of a coloring material particle - desirable - 5-200microC/g - more - 
desirable - 10-1 50m icroC/g - it is the range of 15-1 00m icroC/g still more preferably. 

[0028] 

For a certain reason, that the electrical resistance of a dielectric solvent changes with addition 
of an electrification regulator also makes more preferably the partition ratio P defined below not 
less than 70% still more preferably not less than 60% not less than 50%. 
P=100x(sigma1-sigma2)/sigma1 

Here, it is the electrical conductivity of the supernatant fluid in which sigmal applied the 
electrical conductivity of the ink Q to the centrifuge, and sigma2 covered the ink Q over it. The 
electrode for an LCR meter (AG-431 1 by Ando Electric [ Co., Ltd. ] Co., Ltd.) and fluids 
(Kawaguchi Electrical machinery Factory company make LP gas-05 type) is used for electrical 
conductivity, and it is the impressed electromotive force 5V and the value which measured on 
conditions with a frequency of 1 kHz. The small high-speed refrigerated centrifuge (SRX-201 
By a TOMY elaborate Company) was used, and centrifugal separation was performed for 30 
minutes on with the revolving speed of 14500 rpm, and a temperature of 23 ** conditions. 
Migration of a coloring material particle takes place easily, and it becomes easy to condense 
by using the above ink Q. 
[0029] 

The electrical conductivity of the ink Q has preferred 100 - 3000 pS/cm, and is 200 - 2000 
pS/cm still more preferably 150 to 2500 pS/cm more preferably. By considering it as the range 
of the above electrical conductivity, the concern which does not become extremely high but 
produces the electrical continuity between adjoining recording electrodes does not have the 
voltage impressed to a discharge electrode, either. 

The surface tension of the ink Q has the preferred range of 15 - 50 mN/m, and is the range of 
16-40 mN/m still more preferably 15.5 to 45 mN/m more preferably. By making surface 
tension into this range, the voltage impressed to a discharge electrode does not become 
extremely high, and to the circumference of a head, ink leaks, and does not spread and 
pollute. 

The viscosity of the ink Q has preferred 0.5 - 5 mPa-sec, and is 0.7 - 2.0 mPa-sec still more 

preferably 0.6 to 3.0 mPa-sec more preferably. 

[0030] 

Such ink Q distributes and particle-izes a coloring material particle to carrier liquid as an 
example, and adds an electrification regulator to carrier fluid, is making a coloring material 
particle produce electrification, and can prepare it. The following methods are illustrated as a 
concrete method. 
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(1) How to distribute to carrier liquid using a dispersing agent if needed, and to add an 
electrification regulator a color nnaterial or after nnixing dispersion resin particles beforehand 
further (kneading). 

(2) A color material or a method of adding dispersion resin particles and a dispersing agent 
simultaneously to carrier liquid, distributing and adding an electrification regulator further. 

(3) A color material and an electrification regulator, or the method of adding dispersion resin 
particles and a dispersing agent to carrier liquid simultaneously further, and distributing. 
[0031] 

As mentioned above, the ink jet recording method of this invention is related with the Inkjet 
recording of the electrostatic formula which makes electrostatic force act on such ink that 
distributes a coloring material particle to carrier liquid, and makes it breathe out ink drop R 
(drop). 

An example of the ink-jet recording device of the electrostatic formula which enforces the ink 
jet recording method of this invention is notionally shown in drawing 1 . In drawing 1 , (a) is a 
perspective view (partial section) and (b) is a fragmentary sectional view. 
[0032] 

The ink-jet recording device 10 (it is hereafter considered as the recorder 10) shown in drawing 
1 has the Inkjet head 12 (it is hereafter considered as the head 12), the holding mechanism 14 
of the recording medium P, and the electrifying unit 16, and is constituted. After electrifying 
bias potential in the recording medium P with the electrifying unit 16 in this recorder 10, it is in 
the state which met the head 12 and the recording medium P, The head 12 and the holding 
mechanism 14 are moved relatively, and the target picture is recorded on the recording 
medium P by carrying out the abnormal-conditions drive of each discharge part of the head 12 
according to a recorded image, and carrying out the regurgitation of the ink drop R by on 
demand one. 
[0033] 

The head 12 is provided with the following. 

It is an electrostatic Inkjet head which electrostatic force is made to act on the ink Q, and 
carries out the regurgitation as ink drop R, and is the head substrate 20. 
Delivery board 22. 
Ink guide 24. 

The head substrate 20 and the delivery board 22 meet mutually, and predetermined carries out 
interval alienation, they are arranged, and the ink passage 26 for supplying the ink Q to each 
delivery between them is formed. The ink Q circulates through the inside of the ink passage 26 
to a determined direction at the rate of predetermined (for example, ink flow of 200 mm/s) 
including the control voltage impressed to the 1st discharge electrode 36 and the 2nd 
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discharge electrode 38, and the coloring nnaterial particle electrified to like-pole nature at the 

time of record. 

[0034] 

The head substrate 20 is a sheet shaped insulating substrate common to all the discharge 
parts, and the floating plate conducting 28 which is floating electrically is formed in the surface. 

In the floating plate conducting 28, the induced voltage induced according to the pressure 
value of the control voltage impressed to the control electrode of the discharge part mentioned 
later occurs at the time of record of a picture. The pressure value of induced voltage changes 
automatically according to the number of operation channels. The ink of the delivery 48 which 
the coloring material particle contained in the ink Q in the ink passage 26 is energized, and 
migrates to the delivery board 22 side, namely, is mentioned later is more suitably condensed 
by this induced voltage. 
[0035] 

As for the floating plate conducting 28, it is preferred to provide suitably not an indispensable 
component but if needed. The floating plate conducting 28 should just be arranged rather than 
the ink passage 26 at the head substrate 20 side, for example, may be arranged inside the 
head substrate 20. It is more desirable to arrange the floating plate conducting 28 rather than 
the position by which a discharge part is arranged at the upstream of the ink passage 26. It 
may be made to impress predetermined voltage to the floating plate conducting 28. 
[0036] 

On the other hand, the delivery board 22 is provided with the following. 

It is a sheet shaped insulating substrate common to all the discharge parts like the head 

substrate 20, and is the insulating substrate 34. 

The 1st discharge electrode 36. 

The 2nd discharge electrode 38. 

The guard electrodes 40, the screening electrode 42, the insulating layers 44, 46, 48, and 50. 
The delivery 54 of ink is penetrating and carrying out the opening to the delivery board 22 at 
the position corresponding to each ink guide 24. 

As mentioned above, the head substrate 20 and the delivery board 22 are estranged and 

arranged, and the ink passage 26 is formed between them. 

[0037] 

The 1st discharge electrode 36 and the 2nd discharge electrode 38 are disc electrodes 
provided in the surface of the figure Nakagami side of the insulating substrate 34, and the 
undersurface at ring shape, respectively so that the circumference of the delivery 54 
corresponding to each discharge part might be surrounded. The surface is protected in the 
insulating substrate 34 and the surface of the 1st discharge electrode 36, and the insulating 
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layer 48 which carries out flattening is covered by them, and the insulating layer 46 for carrying 
out flattening of the surface is similarly covered by the insulating substrate 34 and the surface 
of the 2nd discharge electrode 38 on them. 

As long as it is an electrode arranged so that the 1st discharge electrode 36 and the 2nd 
discharge electrode 38 may not be limited to the disc electrode of ring shape but the ink guide 
24 may be attended, an approximate circle form electrode, a division disc electrode, a parallel 
pole, an almost parallel electrode, etc. may be what kind of shape, for example. 
[0038] 

As shown in drawing 2 (a), in the head 12, each discharge part which comprises the ink guide 
24, the 1st discharge electrode 36 and the 2nd discharge electrode 38, and delivery 54 grade 
is arranged in two dimensions [ matrix form ]. 

As shown in drawing 2 (b), the head 12 has a discharge part of three lines (A line, B line, C 
line) arranged in the column direction (scanning direction). In drawing 2, the discharge part 
arranged at the matrix form of a total of 15 pieces of five pieces (one row, two rows, three 
rows, four rows, five rows) at the line writing direction (vertical scanning direction) is shown 
(refer to drawing 2 (c)). 
[0039] 

As shown in drawing 2 (b), the 1st discharge electrode 36 of the discharge part arranged at the 

same sequence is connected mutually. As shown in drawing 2^( the 2nd discharge electrode 

38 of the discharge part arranged at the same line is connected mutually. 

Although a graphic display is omitted, the 1st discharge electrode 36 and the 2nd discharge 

electrode 38 are connected to the pulse power which outputs the pulse voltage for carrying out 

the regurgitation (each electrode is driven) of the ink drop R, respectively. 

[0040] 

To a line writing direction, the discharge part of each line detaches a predetermined interval, 
and is arranged. 

The discharge part of eye B line has a predetermined interval in a column direction to the 
discharge part of eye A line, and is arranged to the line writing direction between the discharge 
part of eye A line, and the discharge part of eye C line, respectively. Similarly, the discharge 
part of eye C line detaches a predetermined interval to a column direction to five discharge 
parts of eye B line, and is arranged to the line writing direction between the discharge part of 
eye B line, and the discharge part of eye A line, respectively. 

Thus, one line recorded on the recording medium P is trichotomized by the line writing 
direction by shifting and arranging each discharge part included in each line A, B, and C to a 
line writing direction, respectively. 
[0041] 

At the time of record of a picture, the 1st discharge electrode 36 arranged at the same 
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sequence is driven to a simultaneous and same voltage level. Similarly, the 2nd five discharge 
electrodes 38 arranged at the same line are driven to a simultaneous and same voltage level. 
One line recorded on the recording medium P is divided into three groups equivalent to the 
number of lines of the 2nd discharge electrode 38 to a line writing direction, and is driven one 
by one by time sharing. For example, in the case of the example shown in drawing 2, in record, 
the picture for one line becomes possible on the recording medium P by recording eye B line 
[ eye A line of the 2nd discharge electrode 38, and ], and eye C line one by one to 
predetermined timing. A picture is recorded by carrying out the abnormal-conditions drive of 
the 1st discharge electrode 36 according to image data (recorded image), and turning on and 
off the regurgitation of ink drop R synchronizing with this. 

Therefore, In the example of a graphic display, image recording 3 times the storage density of 
the storage density which each line has can be performed to a line writing direction (vertical 
scanning direction) by performing image recording, moving the recording medium P and the 
head 12 to a column direction (scanning direction) relatively. 
[0042] 

A control electrode may not be limited to the two-layer electrode structure of the 1st discharge 
electrode 36 and the 2nd discharge electrode 38, but single layer electrode structure may be 
sufficient as it, and it is good also as electrode structure of three or more layers. 
[0043] 

The guard electrodes 40 are sheet shaped electrodes common to all the discharge parts, and 
as shown In drawing 2 (a), the portion equivalent to the 1st discharge electrode 36 and the 2nd 
discharge electrode 38 which were formed in the circumference of the delivery 54 of each 
discharge part Is carrying out the opening to ring shape. While protecting the surface, the 
Insulating layer 50 which carries out flattening is covered by the surface of the Insulating layer 
48 and the guard electrodes 40. Predetermined voltage is impressed and the guard electrodes 
40 play the role which controls electric field interference produced between the ink guides 24 
of an adjoining discharge part. 
[0044] 

As the screening electrode 42 provided In the ink passage 26 side of the Insulating layer 46 Is 
also a sheet shaped electrode common to all the discharge parts and Is shown In drawing 2 
(d). It Is provided to the portion equivalent to the inside diameter of the 1st discharge electrode 
36 and the 2nd discharge electrode 38 formed in the circumference of the delivery 54 of each 
discharge part. The Ink passage 26 side of the screening electrode 42 protects the surface, 
and the Insulating layer 48 which carries out flattening is covered, the screening electrode 42 ~ 
the [ the 1st discharge electrode 36 or ] ~ the duty which covers the rebounding electric field to 
the Ink passage 26 direction of [ from 2 system regurgitation pole 38 ] Is achieved. 
Although the guard electrodes 40 and the screening electrode 42 may not be indispensable 
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components, it is needless to say that it is better to have arranged. 
[0045] 

The ink guide 24 is a plate made from given thickness Mino ceramics with the convex tip end 
part 30. In the example of a graphic display, the ink guide 24 of the discharge part of the same 
line is arranged at the predetermined intervals on the same base material 52 arranged on the 
floating plate conducting 28 on the head substrate 20. The ink guide 24 penetrated the delivery 
54 by which the opening was carried out to the delivery board 22, and has projected the tip 
end part 30 above the outermost surface (surface by the side of figure Nakagami of the 
insulating layer 50) by the side of the recording medium P of the delivery board 22. 
[0046] 

The tip end part 30 of the ink guide 24 is fabricated toward the holding mechanism 14 of the 
recording medium P by the approximately triangular shape (or trapezoidal shape) which 

becomes thin gradually. 

As for the tip end part (uppermost tip part) 30, It is preferred that metal is vapor-deposited. 
Although the metal deposition of this tip end part 30 is not an indispensable element, thereby, 
the dielectric constant of the tip end part 30 becomes large substantially, and it is effective in 
the ability to do that it is easy to produce a strong electric field. 
[0047] 

As long as it can turn the shape of the ink guide 24 to the tip end part 30 and it can make the 
coloring material particle in the ink Q migrate (namely, ink Q concentration), especially, it is not 
restrictive and that it may not be convex etc. may change the tip end part 30 freely, for 
example. In order to promote concentration of ink, notching used as the ink guide rail which 
brings the ink Q together in the tip end part 30 may be formed in the center portion of the ink 
guide 24 along with figure Nakagami down according to capillarity. 
[0048] 

The holding mechanism 14 of the recording medium P is provided with the electrode substrate 
60 and the insulation sheet 62, to the tip end part 30 of the ink guide 24, has a predetermined 
interval (for example, 200-1000 micrometers), and is arranged so that the head 12 may be 
met. 

The electrode substrate 60 is grounded and the insulation sheet 62 is arranged on the surface 
by the side of the ink guide 24 of the electrode substrate 60. At the time of record, the 
recording medium P is held on the surface of the insulation sheet 62, namely, the holding 
mechanism 14 (insulation sheet 62) functions as a platen of the recording medium P. 
[0049] 

The electrifying unit 16 is provided with the following. 

The scorotron electrifying device 70 for electrifying the recording medium P in negative high 

tension. 
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The bias voltage source 72 which supplies negative high tension to the scorotron electrifying 
device 70. 

The scorotron electrifying device 70 detaches a predeternnined interval in the position which 
counters the surface of the recording mediunn P, and is arranged. The ternninal of the negative 
side of the bias voltage source 72 Is connected to the scorotron electrifying device 70, and the 
terminal by the side of right [ the ] is grounded. 
[0050] 

The electrifying means of the electrifying unit 16 is not limited to the scorotron electrifying 
device 70, but various electrifying means with conventionally publicly known a corotron 
electrifying device, a solid charger, etc. can be used for it. 
[0051] 

At the time of record of a picture, the surface of the insulation sheet 62 P, i.e., a recording 
medium, is charged in the high tension impressed to the 1st discharge electrode 36 and the 
2nd discharge electrode 38 and the negative predetermined high tension of reverse polarity, 
for example, -1500V, with the electrifying unit 16. As a result, while bias of the recording 
medium P is carried out to negative high tension to the 1st discharge electrode 36 or the 2nd 
discharge electrode 38, electrostatic adsorption of it is carried out at the insulation sheet 62 of 
the holding mechanism 14. 

That is, in the recorder 10 of the example of a graphic display, the recording medium P acts as 

a counterelectrode in the ink jet recording of an electrostatic type. 

[0052] 

Although the holding mechanism 14 is constituted from the electrode substrate 60 and the 
insulation sheet 62 and the surface of the insulation sheet 62 is made to carry out electrostatic 
adsorption by electrifying the recording medium P in negative high tension with the electrifying 
unit 16, It is not limited to this but the holding mechanism 14 is constituted only from the 
electrode substrate 60, the holding mechanism 14 (electrode substrate 60 very thing) is 
connected to the bias power supply 72, bias is always carried out to negative high tension, and 
it may be made to make the surface of the electrode substrate 60 carry out electrostatic 
adsorption of the recording medium P. 
[0053] 

The separate negative source of high tension may perform electrostatic adsorption to the 
holding mechanism 14 of the recording medium P, and impression of the negative bias high 
tension to the recording medium P or impression of the negative bias high tension to the 
holding mechanism 14, and. Support of the recording medium P by the holding mechanism 14 
is not restricted to electrostatic adsorption of the recording medium P, but may use other 
manners of support and support means. 
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[0054] 

Such a head 12 is a line head which has a sequence of the discharge part corresponding to 
one side of the recording nnediunn P of the nnaxinnunn size in a line writing direction, and the 
recording nnediunn P held at the holding nnechanisnn 14. It is conveyed in the colunnn direction 
which intersects perpendicularly with this line writing direction (horizontal scanning), the whole 
surface of the recording nnediunn P is scanned by the discharge part, the whole surface of the 
recording nnediunn P is scanned by the discharge part, ink drop R reaches the target, and a 
picture is recorded. 
[0055] 

As a transportation nneans of a recording nnediunn, electrostatic adsorption of the recording 
nnediunn P is carried out on the insulation sheet 62 as nnentioned above, and the recording 
nnedium P is conveyed by conveying the insulation sheet 62 to a scanning direction. Although 
the after-mentioned explains in detail, since it is fixed, and the Inkjet head 12 makes a 
scanning direction convey the recording medium P and records a picture, in this embodiment, 
the speed which conveys this recording medium P turns into relative movement speed. 
Here, a transportation method is not limited to the above-mentioned gestalt, but a publicly 
known transportation means can be conventionally used for it. 

Limitation not being carried out to that for which the ink jet recording method of this invention 
uses such a line head, but conveying the recording medium P intermittently. Synchronizing 
with this conveyance, it may be the Inkjet recording using what is called a shuttle type of head 
which scans a head in the direction which intersects perpendicularly with a transportation 
direction. 
[0056] 

The head 12 of the example of a graphic display has the 1st discharge electrode 36 and the 
2nd discharge electrode 38, and if pulse voltage will be impressed to both (state which two 
electrodes drove), ink drop R will be breathed out. 

Here, as mentioned above, the 2nd discharge electrode 38 is made one line at a time into turn 
to predetermined timing with a high voltage level (for example, 400-600V) or a high impedance 
state (ON state), and drives all the 2nd remaining discharge electrodes 38 to a ground level 
(ground state: OFF state). All the sequences drive the 1st discharge electrode 36 to a high 
voltage level or a ground level by a row unit simultaneously according to image data. Thereby, 
the regurgitation / non-regurgitation of the ink in each discharge part are controlled. 
[0057] 

Namely, the 2nd discharge electrode 38 by the high voltage level or a high impedance state. 
And when the 1st discharge electrode 36 is a high voltage level, the ink Q is breathed out as 
ink drop R, and ink is not breathed out when either [ at least ] the 1st discharge electrode 36 or 
the 2nd discharge electrode 38 is a ground level. 
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And ink drop R breathed out from each discharge part can be drawn near to the recording 
medium P electrified in negative high potential, it adheres to the prescribed position of the 
recording medium P, and a picture is formed. 

Therefore, in this case, the drive frequency of the control electrode for the regurgitation of ink 

drop R turns into drive frequency of the 1st discharge electrode 36. 

[0058] 

As mentioned above, since the 1st discharge electrode 36 drives according to image data 
when one by one and the 1st upper discharge electrode 36 is turned on and off according to 
image data, [ the line of the 2nd lower layer discharge electrode 38 ] The 1st discharge 
electrode 36 changes to a high voltage level or a ground level frequently centering on each 
discharge part of a column direction in the discharge part of the both sides. In this case, the 
influence of the electric field of an adjoining discharge part can be eliminated by carrying out 
bias of the guard electrodes 40 to predetermined guard potential, for example, a ground level 
etc., at the time of record of a picture. 
[0059] 

In the head 12 of the example of a graphic display, it is also possible to drive the 1st discharge 
electrode 36 and the 2nd discharge electrode 38 in the reverse state, to drive the 1st discharge 
electrode 36 one by one for every row, and to drive the 2nd discharge electrode 38 as another 
embodiment, according to image data. 
[0060] 

In this case, a column direction is driven for every row of the 1st discharge electrode 36, and 
since the 1st discharge electrode 36 of the discharge part of the sequence of those both sides 
is always set to a ground level centering on each discharge part of a column direction, the 1st 
discharge electrode 36 of the discharge part of the sequence of these both sides plays the role 
of guard electrodes. Thus, in one by one with the 1st upper discharge electrode 36 and driving 
the 2nd lower layer discharge electrode 38 according to image data, even if it does not form 
the guard electrodes 40, the influence of an adjoining discharge part can be eliminated and it 
can raise recording quality. [ each sequence ] 
[0061] 

It is not restrictive whether it is either the 1st discharge electrode 36 or the 2nd discharge 
electrode 38 and both, and ink discharge / non-regurgitation is controlled by the head 12 at all. 
Namely, what is necessary is just to set up suitably the voltage by the side of a control 
electrode and the recording medium P so that ink may not be breathed out, when smaller 
[ when the difference of the pressure value at the time of the ink discharge / non-regurgitation 
by the side of a control electrode and the pressure value by the side of the recording medium 
P is larger than a predetermined value, ink is breathed out, and ] than a predetermined value. 
[0062] 
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Although the coloring material particle in ink is right-electrified and the recording-mediunn side 
is electrified in negative high tension in this nnode, it is not limited to this, but conversely, the 
coloring material particle in ink may be electrified in negative, and the recording-medium P side 
may be electrified in positive high tension. Thus, what is necessary is just to make impressed- 
electromotive-force polarity to the 1st discharge electrode 36 and the 2nd discharge electrode 
38 of the electrifying unit 16 of the recording medium P, and each discharge part, etc. into an 
above-mentioned example and reverse, in making polarity of a coloring material particle into 
an above-mentioned embodiment and reverse. 
[0063] 

Hereafter, by explaining an operation of the regurgitation of ink drop R in the recorder 10 

explains the electrostatic Inkjet recording method of this invention in detail. 

In the following examples, in order to carry out right electrification of the coloring material 

particle distributed by the ink Q, therefore to carry out the regurgitation of the ink drop R, 

positive voltage is impressed to the 1st discharge electrode 36 and the 2nd discharge 

electrode 38, and negative bias voltage is charged in the recording medium P. 

[0064] 

At the time of record of a picture, the ink Q circulates through the inside of the ink passage 26 
at the rate of predetermined by the circulator style of the ink which is not illustrated toward left- 
hand side (the direction of drawing seal a) from the figure Nakamigi side, 
on the other hand, the recording medium P is conveyed at the rate of predetermined by a 
transportation means (figures omitted ~ abbreviated) at the space late rice side in a figure, for 
example, being charged in negative high potential (for example, -1500V), and electrostatic 
adsorption being carried out with the electrifying unit 16, at the insulation sheet 62 of the 
holding mechanism 14. That is, the recording medium P serves as a counterelectrode in which 
the bias voltage of -1500V was charged. 
[0065] 

In the state where only this bias voltage is impressed. The Coulomb attraction of bias voltage 
and electrification of the coloring material particle of the ink Q, the Coulomb repulsion between 
coloring material particles, the viscosity of carrier liquid, surface tension, charge polarization 
power, etc. act on the ink Q, and these gang, As a coloring material particle and carrier liquid 
move and it is notionally shown in drawing 3 (a), it became the meniscus shape which rose a 
little from the delivery 48, and balance is maintained. 

Bias voltage moves a coloring material particle toward the electrified recording medium P with 
this Coulomb attraction by what is called electrophoresis. Namely, in the meniscus of the 
delivery 54, it is in the state where the ink Q was condensed. 
[0066] 

From this state, the pulse voltage for carrying out the regurgitation of the ink drop R is 
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impressed (regurgitation ON). Tliat is, in tlie exannple of a graphic display, about [ 100-600V ] 
pulse voltage is innpressed to the 1st discharge electrode 36 and the 2nd discharge electrode 
38 fronn the pulse power corresponding to each, an electrode is driven, and the regurgitation is 
perfornned. 

By this, bias voltage is overlapped on pulse voltage and nnovement further ganged by previous 
ganging by superposition of this pulse voltage takes place. As a coloring nnaterial particle and 
carrier liquid are pulled by electrophoresis at the bias voltage (counterelectrode) P, i.e., 
recording nnedium, side and it is notionally shown in drawing 3 (b) by it, nneniscus grows and 
the liquid ink pillar ******** tailor corn of approxinnately conical shape is fornned fronn the upper 
part. Like the point, the coloring material particle is moving to meniscus by electrophoresis, 
and the ink Q of meniscus is in the almost uniform high concentration state of it being 
condensed and having many coloring material particles. 
[0067] 

When still more limited time passes after the impression start of pulse voltage, by movement of 
a coloring material particle, etc. by the tip end part of meniscus with high field intensity. As the 
balance of a coloring material particle and the surface tension of carrier liquid mainly collapses, 
meniscus is extended rapidly and it is notionally shown in drawing 3 (c), the long and slender 
liquid ink pillar called **** is formed. 

Vibration which will be generated with growth of ****, and Rayleigh / waiver instability if still 
more limited time passes, **** is divided by interactions, such as distribution unevenness of the 
coloring material particle in meniscus, and distribution unevenness of the electrostatic field 
concerning meniscus, it is set to ink drop R, and the regurgitation/flight of is done, and it is 
pulled by bias voltage, and the recording medium P is reached. 

Growth and division of **** generate movement of a coloring material particle to meniscus 
(****) continuously during impression of pulse voltage further. That is, while **** is formed, ink 
drop R has flown toward the recording medium P intermittently. When impression of pulse 
voltage is ended (regurgitation OFF), the power which pulls a coloring material particle and 
carrier liquid to the recording-medium P side becomes weak, and formed **** becomes small, 
and if predetermined time passes, it will return to the state of the meniscus of drawing 3 (a) 
where only bias voltage was impressed. 
[0068] 

If pulse voltage (driver voltage) is impressed, by an electrostatic Inkjet, **** is formed, by being 
divided, an ink drop will breathe out, it will be making many detailed ink drops reach the target 
on the recording medium P, and 1 dot of pictures will be formed on the recording medium P, so 
that clearly from the above explanation. 
[0069] 

When the diameter of f and **** is set [ a relative speed ] to d for v and the division frequency 
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of ****, it is made to fill the following formula 1 in the Inkjet recording method of this invention 
here. 

(v/f)<(axd) Formula 1 

Here, a in the formula 1 is a coefficient suitably determined with the density of ink, a flight 
droplet diameter, flight speed, surface tension, viscosity, etc., for example. The density of ink, 
a flight droplet diameter, flight speed, surface tension, viscosity, etc. change with temperature 
etc., for example. 
[0070] 

The relative movement speed v is the relative movement speed of the recording medium P at 
the time of record, and the Inkjet head 12 here, and in this embodiment. As mentioned above, 
since the Inkjet head 12 is fixed and the recording medium P is conveyed, it becomes a bearer 
rate (movement speed of the insulation sheet 62) of the recording medium P. Since in the case 
of a serial head a recording medium is fixed at the time of record and a head is scanned, the 
scan speed of the head turns into relative movement speed. 

The diameter d of**** is the halfway point diameter of****, i.e., the diameter of the halfway 
point of a **** tip and the portion which was tailor cone tip parts. 

Here, as for the diameter of ****, while division of **** is performed, it is preferred to always fill 

the formula 1. 

[0071] 

As mentioned above, at the Inkjet of an electrostatic formula, two or more ink drops are 
breathed out by impression of the driver voltage of one pulse, and 1 dot on the recording 
medium P is formed by two or more of these ink drops. Thus, in order to form one dot by two 
or more ink drops. Since the regurgitation must be carried out so that the following ink drop 
may lap with the ink drop which reached the target, but the ink drop made to breathe out is 
very minute, An impact position will not be stabilized, the ink drop which reached the target will 
not lap on the recording medium P, and one image dot will not be able to be formed suitably, 
but image quality will deteriorate as a result. 
[0072] 

On the other hand, the impact position of the breathed-out ink drop is stabilized by performing 
the regurgitation of an ink drop on the conditions with which the formula 1 is filled as 
mentioned above. 

As a result, an ink drop can be made to be able to reach the target in piles suitably on the 
recording medium P, one image dot can be suitably formed by two or more ink drops, and the 
target image dot can be formed. Thus, with the ink jet recording method of this invention, since 
the target image dot can be formed, a high definition picture is recordable with high resolution. 
By forming one image dot by two or more detailed ink drops, solvent evaporation can promote 
during flight and the blot on the recording medium P can be prevented. 
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[0073] 

Here, in the Inkjet recording nnethod of this invention, it is preferred to nnal<e a in the fornnula 1 
or less [1.1 or more ] into 15. 

It is preferred that the half of the dot which reaches a recording nnediunn laps in innage quality 
in the Inkjet recording method of this invention. Since the time interval which a dot reaches is 
1/f here, the distance which an Inkjet head and a recording medium move relatively in the 
meantime is v/f Therefore, when the diameter of the dot of the drop which reached the target 

is set to D, 
D/2>vx (1/f) 

It becomes. Here, the diameter D of the dot of the drop which reached the target is greatly 
governed by path d' of the ink drop in front of impact. Although the diameter d of **** formed, 
the division frequency f of ****, and the growth rate of **** can take various values, If the 
general range is taken into consideration according to this invention persons' examination, it 
will be thought that diameter d' of the drop of the ink in front of impact is in the range of d'=2d- 
lOd, and it will be thought that the diameter D of the dot of the drop which reached the target is 
D= 1.1 d in the range of '-3d' further. 
From said formulas and these figures, 
v/f<(1.1-15)d 

By setting the coefficient a in a next door, therefore the formula 1 to 1.1-15, the above- 
mentioned effect is revealed more suitably and high definition drawing is attained. 
[0074] 

The diameter d of**** formed 10 micrometers or less and/. Or 20 micrometers or less, also 
when making it the volume of an ink drop fill 2 or less pi and ************** more preferably, the 
diameter of the ink drop breathed out reveals the above-mentioned effect more suitably, and 
high definition drawing of it is attained. 
[0075] 

As for the division frequency f, it is preferred to make it higher than image recording frequency, 
and it is still more preferred to make division frequency f into 10 or more times of image 
recording frequency. Here, image recording frequency is drive frequency, i.e., the applied 
frequency of the driver voltage of one pulse. 

making division frequency f higher than image recording frequency ~ the above-mentioned 
effect ~ in addition, since the regurgitation of an ink drop is stabilized, a high definition picture 
can be formed and a still bigger effect can be acquired by making division frequency f into 10 
or more times of image recording frequency. 
[0076] 

The ink jet recording method of this invention is two or more ink drops, and when they form 
one dot, it is preferred to carry out the regurgitation of the following ink drop so that it may lap 
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with the ink drop which reached the target on the recording nnediunn P and may reach the 
target before fixing of the inl< drop which reached the target on the recording nnediunn P. 
Thus, the ink drop which reached the target previously, and the ink drop which reached behind 
can form one image dot more suitably by the union plastic surgery effect by surface tension by 
making the following ink drop reach the target in piles before fixing of the ink drop which 
reached the target on the recording medium P. Here, fixing of an ink drop is that carrier fluid of 
the ink drop which reached the target evaporates for example, or that the carrier fluid of an ink 
drop which reached the target is absorbed to a recording medium. 
[0077] 

It is preferred to control the number of drops of the ink drop which forms one dot according to 
the picture to record. 

Thus, according to the size of the target image dot, concentration, etc., by controlling the 
number of drops of a regurgitation ink drop, gradation resolution can be improved more and 
high resolution and a high definition picture can be formed more. 
[0078] 

It is preferred to form one image dot by making five or more drops of ink drops reach the target 
in piles on the recording medium P. 

By forming one image dot by five or more ink drops, more nearly circularly near shape is 

reproducible. 

[0079] 

Here, since the relative scan speed v and the division frequency f of **** in the ink Jet recording 
method of this invention, and the diameter d of**** receive influence in various conditions, this 
invention can be carried out by choosing / controlling these suitably. 
If the scan speed v becomes in the case of a line head and it will become in the case of the 
bearer rate of a recording medium, and a serial head, specifically, the scan speed of a head 
will be illustrated. 

Since the diameter d of **** formed receives influence in the viscosity of ink, the electrical 
conductivity of ink, the surface tension of ink, the loading dose of ink, the driver voltage 
impressed to a discharge electrode, etc., it is controllable by adjusting one or more to these. 
Since the division frequency f of **** receives influence in the viscosity of ink, the electrical 
conductivity of ink, the surface tension of ink, the loading dose of ink, the driver voltage 
impressed to a discharge electrode, the bias voltage impressed to a recording medium, etc., it 
is controllable by adjusting these one or more. 

The Inkjet recording method of this invention can be enforced by choosing / controlling these 

suitably. 
[0080] 

For example, the diameter d of **** which sets a as 1.1-15 which are the above-mentioned 
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suitable range values, and is formed is from the above-mentioned formula 1, when the division 

frequency f of 2 micrometers and **** is 200 kHz, 

v/f<axd 

v/(200x1 0^) <(1 . 1 -1 5) X (2x1 0'^) 
v<(1.1-15) x(2x10"^) x (200x10^) 
v<(4.4-60)10"''**0.5-6 

Thus, the Inkjet recording method of this invention is realizable by controlling the relative scan 
speed V according to the value of a to become 0.5-6 or less m/s. 

Although the relative scan speed v is controlled by the above-mentioned example and it was 
made to fill the formula 1 with it, the diameter d of **** formed or the division frequency f of **** 
is controlled, and, of course, it may be made to fill the formula 1 . 
[0081] 

When the diameter of impact of the ink drop on a recording medium is set to D and v and 
division frequency of **** are preferably set to f for relative movement speed, it is made to fill 
the following formula 2. 
(v/f) <D Formula 2 

By performing image recording on the conditions with which such a formula 2 is filled, an ink 
drop can be made to be able to reach the target in piles suitably by the recording-medium P 
top, one image dot can be suitably formed by two or more ink drops, and the target image dot 
can be formed more suitably. Thus, since the target image dot can be formed more suitably, a 
high definition picture is recordable with high resolution. 
[0082] 

As long as the Inkjet recording method of such this invention fulfills the above-mentioned 
conditions, a color picture or record of a monochrome picture may be sufficient as it. 
Although it is natural, the thing in which it is preferred carrying out this invention in all the 
colors when recording a color picture is not limited to this, but is only one color and may 
enforce the Inkjet recording method of this invention. 
[0083] 

As mentioned above, although the Inkjet recording method of this invention was explained in 

detail, in the range which this invention is not limited to the above-mentioned embodiment, and 

does not deviate from the gist of this invention, what may make various kinds of improvement 

and change is natural. 

[Brief Description of the Drawings] 

[0084] 

[Drawing 1] (a) And (b) is a key map of an example of an ink-jet recording device which 
enforces the Inkjet recording method of this invention. 
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[Drawing 2](a) - (d) is a l<ey map for explaining the discliarge electrode of the ink-jet recording 
device shown in drawing 1 . 

[Drawing 3j (a) - (c) is a key nnap for explaining the Inkjet recording nnethod of this invention. 
[Drawing 4] lt is a key map for explaining the conventional electrostatic Inkjet recording. 
[Description of Notations] 
[0085] 

10 Ink-jet recording device 

12 and 80 Head (Inkjet) 

14 Holding mechanism 

16 Electrifying unit 

20, 82 head substrates 

22 Delivery board 

24 and 84 Ink guide 

26, 98 ink passages 

28 Floating plate conducting 

30 84a Tip end part 

34 Insulating substrate 

36 The 1st discharge electrode 

38 The 2nd discharge electrode 

40 Guard electrodes 

42 Screening electrode 

44, 46, 48, and 50 Insulating layer 

52 and 96 Delivery 

60 Electrode substrate 

62 Insulation sheet 

70 Scorotron electrifying device 

72 Bias voltage source 

86 Insulating substrate 

88 Control electrode 

92 DC-bias voltage source 

94 Pulse voltage source 



[Translation done.] 
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s © ^ y X MHS t M -r S © 1? S 0 

m 1 *fgH^©^>^7i>'x MHS73ffi^llffi-rs«^«ie©^ ^^S>'x MHgga 
©-M^«:g;figt^-ro 0itfci/^T. (a) It (^^»fffi) f4li0. (b) tt^ 

^> »f ffi 0 S o 

[ 0 0 3 2 ] 

H 1 -r -r > ^ X >y MH g S « 1 0 ( IX T . IB g S ® 1 0 ,h T S ) It. > ^ x 
^y h -X ^y K 1 2 (J-:^T. ^ y ]^ 1 2 t T S ) . tBg«f* P ©{*?#¥!§ 14^. - 
^y h 1 e-h^^rLTSljSt^nSo ^©tBgSMl Oldfc'i^Ttt. ^tta^^y h l 6 ic t: -d 
TlBSffi#P(<:/W7X«fu^m«^itfcft(c:. 'x>yKl2<tlBSffiftPi:^?JffiL/£« 50 
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1 2 (D^atn^m^mmmmLx . y ^mmR^^yf^y vx^mr ^ c tic ^ ^ . m 
gffif* p K sff^ tr ^mm^tiur ^ o 

[ 0 0 3 3 ] 

^ > ^ X >y h >y K 1?. >y KSfi 2 0 t. ttffi nSS 22i:. ^y^^;9'^K24i:^ 

{i ;t T t/^ § o 

^Tc. 'N^y Ka« 2 0 t ttffiPSfi 2 2 tt. Sl^tc^ffi LTmS® ^Pi^^ LTIHB^ 

ti. ^atmuic-f y ^ Q:^mi^r ^rcib(D^ y ^mm 2 6 ffjBi^^ o -<y 

2 0 0 m m / s CD ^ > ^ ) "c? ff 11 * tl S o 
[ 0 0 3 4 ] 

-X >y K a « 2 0 . ^ T ® th m a ^ :^ - h « © ^ I1 14 S « D . ^ CD a ffi 

. «MS^li:7n-x^>^'«Sli?feS??ffi»«fi2 8^^^lte>nTt.^So 

2 8 tea. n'^(Dmmn\c. ft^-rsttffi^©fij®i«ffit<:9iiin^nsffj»« 

y^wVStciSCTgfte^lci^fk-rSo c ©Si#«J±ti: J; D . ^ 2 6 rtCD^ y ^ Q 

t£:#snsfe«e?i±f^i5*nTthmnss2 2{iB<:iic»)L. -r^sr^-s. fi^-rstttfin 

[ 0 0 3 5 ] 

S/c. ?¥ffi»««2 8a. ^y^^??^iiS2 6j;Dfe^^yKaS2 0{|H£:iaK^nTi>n 
« j; < . M^tf^^y Ka« 2 O cd gPt iH « L T j;i^o * . 2 8 tt. tt ffi 

ffi « fa ft 2 8 (ci Iff CD « E ^ en in 1- § J: 9 t b T a t/^ o 

[ 0 0 3 G ] 

ffiT?. ttffipaS2 2(±. ^^yKaS2 0i;ra«t^TcDttttl^t£:«ji*'>-h^^©,ffe 
D . 3 4 i:. ^1 3 6 i:. ^2 3 8 i;. iJ-Y 

«ffi40t. >'-;PK«ffi42. Ife,^«44. 46. 48. 50i;:&fi^TV^:g.o */c. 
ttffinaS2 2tct±. ^^>^:^~^K2 4tc^fS-r?.fugt, ^ y ^7 (D^)Au s m^wm 
L T If P L T S o 

M izs ® cj; 9 , <y F a s 2 0 t tt tii n a « 2 2 a PeS L T BE g ^ n . ^ © r^g ^ > 

^7 gg 2 6 ff^ file ^ n 5 o 
[ 0 0 3 7 ] 

H 1 3 6 *5 2 3 8 ^n^^n*fe,«i4afi 3 4(D0^±ffi*3j; 

e>n/cRJf^«ffi-efeSo lfe-«ttSfi3 4fcj;tf^lttm«ffi3 6cDaffitCfi. ^(Dgffi^ 
fSM-r S ^itlc^iSfb-r 4 8 :6^«a^tx. ra^tc. |6»ttaS 3 4 j; tfH 2 th 

m«ffi3 Bcaffitdtt. ^©affi^¥afb-r5fci6®i6isM4 e^b^sa^nn^So 
* H 1 a: m « a 3 e *5 j; t; ^ 2 B: m « s 3 say > ^~ © pg ff^ « s ps ^ ^ n f-\ 

[ 0 0 3 8 ] 

02 (a) (C^-Tct^t. -N^y Fl2tfcl^T. -ry^':!9'-fF24. I|ltttfl«ffi36 

*3 J; t;^ 2 ttm«g 3 8 . ttmn 5 4 ^T«sSc^ns^ttfHgPtt. v f u ^ x«t -i^/t 

H 2 ( b ) ^ -r j; 9 . -X >y F 1 2 . ?ij 7? ^ ( 31 S 7? ^ ) |H M ^ tx 3 R (A 

BR. cR) ©thma^^irt- So h 2 (dfe'i^ra. rt?^ (so^st?^) tc: 5 

ffl(l?lj. 2^J. 3^J. 4^J. 5^J)®. tf-lSfflCy-FU^'X^lcliHg-Jn/ittm^^ 
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^LTt/^S (H2 (c) #M) o 
[ 0 0 3 9 ] 

m 2 ( b ) ^ -r j; 9 . u ?ij BH K ^ n tti ® ^ 1 th m « a 3 6 . m^^cm 
m^nrv-'^o s/c. gi2 (c) t^j^-rcfc^t, ii]ctTtc;iHM^n/ca:mgp©ii2a:m« 
a 3 8 . IB s a ^ n T t.^ s o 

^ . H # BS -r 5 P^J^ H 1 B: m ffi 3 6 43 j; H 2 a: m « ffi 3 8 . ^ tl ^' tl . 
[ 0 0 4 0 ] 

^ © th m 3M± . 7? ^ td L T m s ® r^g H ^ gf L T sa g ^ n s o 
^fc. B a © th m 3M± . A B © th tii and L T . ?ij 7? ^ id p/? s © r^g b ^ l . ^0^-3 
. tfTj^t^^fLT. ^n^'nARscttmasi; ctf s©ttmapt ©rE5tdBHS^nTi^?.o 

S d ^; t j; D . IHSWft: P IdtHS^nS 1 tTttRT^^td 3 ^^fiJ^tiSc 
[ 0 0 4 1 ] 

H ft © IH il 0# (d i± . ^ - ?ij (d IE g ^ ti fc ^ 1 tt m ffi 3 6 (± ^ Bf o ^ - « ffi b ^ ;V t 
KSl^nSo RlSld, ^-RtdSE«^tifc5M©^2thffi«ffi3 8tt^Bf^>o^-«ffiU 

^ Id ig a) ^ n s 0 

S fc. tH»®ft P tdlES^nS Iffti. ff;? ^td^ LT. ^ 2 tttil«ffi 3 8 ©tTiftdia 

^■r s 3 o©^';v-7°td^^fij$ti. ^^3^fijT)iii^,ig»i*nSo H2td^-rM©ii 
^2ttffi«ffi3 8©AtTg. Bifg. cifg^ms©^f^^>^'T-jiii^tHii-rsii^ 
td j; D . IH ii » f* P ± t lt7 © B ft le tl nl ^ « g| Id ^ S o ^fc. ^ nicmmLz . 
^ 1 3 6 ^Hftx- ^ (KilBft) tdfS CTSilffiSi LT. ^ > ^ r« R © tt ffi 

:&ON/OFF-rSiI^fd<J;0. Bft^ieti-r?.o 

)i^«t#i;)LooB«tHS^ff9 ii i:td j; ff;?^ (lOS*;?^) td#tT©WrstHg 
^fi©3^©tHif^S©B^tHS^tT9 il.tp^j'i-p^So 
[ 0 0 4 2 ] 

fiJfflWSti, ^ 1 n±ttl«1g 3 6 j; r^'H 2 ttfti«ffi 3 8 © 2 ii«ffi«igt PIS^ 

n -r\ # /■ « a « }g J; I ^ L . 3 /■ t:^ ± © « s e 3g l t t s i 

[ 0 0 4 3 ] 

- K « ffi 4 0 . ^ T © a: m gP Id ±t a ^ _ }, CO « ffi eg. D . H 2 ( a ) ICtTsT ^ 
9td, #^©tttHgP©ttttiP5 4©jBH(d5^sSc^n/c^l«:m«ffi3 6 43j;ff^2ttffi« 
ffi 3 8 (d|g^-r saJ^^;^)'! U y^^^tdH n LTl^So * 4 8 J; tfp^'- K«ffi 4 

o©affitda. ^©affi^fsM-r s td. ¥±i{b-r 5 0 ^{j'iffia^nTv^Sc 
^'-H«ffi4 ottms©«j±;^)'i9iifin^nTfeD. mmr ^mmm(D^ y ^ -ff^ ]^ 2 4<Dm 

[ 0 0 4 4 ] 

^Knm^ji^y- hVz(Dmmr^& ^ . 02 (d) j^.^ #^©tttfigp©ttttin54 
©jiHtdf^fiic^nfciii ttffiwffia 6fectt;^2B:ffi«ffi3 8 (Dp^mKmmr ^m'^^-e 
mif ^nri^^o K«ffi 4 2 ©^ >^^?j^?s 2 e wa^caffi^fsa-r s ^ttc^pg 

fb-r S 4 8 tlTl^ 5 o ->-;P 4 2 tt. ^ 1 ttm«ffi 3 6 S Titt. ^ 

2 0jthmffi3 8;o^'s©^>^r^ss2 67?^^©s^«^^3tK-rssg^s/£-rc 

^■-K«ffi4 0^. K«ffi 4 2 tt>2SS©«fiScS*?tt^v^©-?-^ < T j; 

t/^ IH M b 75" Tb'' ct l/^ © 5 ^ S o 

[ 0 0 4 5 ] 
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m^^m\^^v^x li. m - © ffi © -r > ^7 -r K 2 4 . ^ k a s 2 o ± © r? )i » « 
s 2 8 © ± IE M ^ n c 3^ j# f* 5 2 © ± t F/T s © r^g B T~ IE M ^ n s o ^ > ^ ^' ^ k 2 

4tt. a:mnSS2 2(c;|fn^nfety:ffin5 4^1:3iL. 5tSgP53^3 0:?:a:mnSS2 2 

© IH g ffi f* p fjj © a a ffi (le n « 5 0 © H ^ ± w © a ffi ) j; d t ± sm^: ^ m l s o 

[ 0 0 4 6 ] 

5> 3 0 ©^MM»ti>isg©g*-ptt /S:i^;^)^ iintCctD. 3 0 ©»|«*;^^||HW 10 

[ 0 0 4 7 ] 

^ >^ F 2 4 ©Jf ^ y ^7 Q ©fe«fe?^5feiffi}fP5> 3 0 \c\^nxWm 

( -r * ^ ^ > ^ Q ^ ?1 IS ) ^ •^^r § il t :^)^ T t ti «\ # fij PM "(? * < . M ^ ^ S 

^y^;5j"^K2 4©^i^gP^lC0^±T7?^tCff)oTJgj3ScLTfeSV^c 
[ 0 0 4 8 ] 

IH ii » f* P © f* J# ^ ® 1 4 i ± . m ffi a S 6 0 ^ ^ ^ ^> - h 6 2 t ^ fi ^ T D . ^ K 

1 2 ^i^ffi-r S j; 9 t s ^ y ^ ?f3"^ F 2 4 ©^4^gP^> 3 0 KnLXP^'&(Dmm (Mx «\ 20 

2 0 0-1 0 0 0 II m) ^WLTiHB^nSc 

6 0 ttgiffi^n. F 6 2 tt. 6 0 ©^ F 2 4 W © g 

ffitciEB^ tiTi^So iHS^tctt, iHSffift p F 6 2 ©affitcfs^^n. -r^ 

^-5. f*jt¥isi4 (ife,^^>-F6 2) tt. mumwv (Df^yy-y hLxmm-^^o 

[ 0 0 4 9 ] 

#«a:^yFl 6tt. tHS»ftP^m©iff«J±^<:^«^^^Sfci6©X3^F^>^«|§ 
7 0 i:. xnn Fn>^«#§7 Oti:ii©iff«J±^#t,m-rS/W7X«J±M7 2 i:^||^T 

X3nFn>^«#§7 Ott. tHS»ftP©affit<:^^-rsf4«t<:mS©^Pi^iiLTlH 
B^tlTt/^So 7X«J±M 7 2 ©ii{|iJ©SS?ttX 3 n F n 7 0 tcit^ 30 

^ n . ^ © IE M © 4i ? }g ±tii ^ n T s o 

[ 0 0 5 0 ] 

#fl:a-:^<yFl6©ffTfl:¥gtt. XanFny^f^^TOfcPI^^nT. hpF 
P > # « #5 . @ f* 9^ ^ - >>> 'S: H © IaI^ * i> a © a ^ © « ¥ g ffl S il ^ S o 

[ 0 0 5 1 ] 

Hft©iBiiBf a, mmiy- f e 2 -r^^-siasffif* p ©astt. mm:j.^-^ f 1 e t 
ft©iff«i±. M^«'-i 5oovt#«^nso ^©isSs tesffii^pti. Hittffl«s 

3 63;fcttl|2B:m«ffi3 Q \cn L X n.(Dmn]±\c ^ T 7s^ ^ ^ t t >^ K , f^f^^gl 
4©ieil^>-F62t<:fltt®«jnSo 40 

•r t) t. s H M © 12 g a M 1 0 tc: 43 1/^ T s IH g ffi f* P » « S © -f > X >y F IE 

[ 0 0 5 2 ] 

a:::^ F 1 Q K i:. X n.(DMn.]±K'^n.-^ ^ ^ h Ki:. mm^y ~ V Q 2©affitclf«® 

«^'i^Ti^s*^ iintPis^n-r. fi}t¥iai4^«ffia«6o©*-e«fiScL. fs^t^ 

gl4 (HffiSfieOgft) ^/^'l'7X«M7 2tSMLTm©iff«J±tmBf/^^7XL 
Tfc^. «ffiafi6 0©affitlBg^iftP^#«^«*^irSj;^tLTfeSv^o 
[ 0 0 5 3 ] 

^fc. IHgffift P ©^«^t¥® 1 4-\©lf«K*^. IBgffil* P ^©:&©/W 7XH«J± 50 
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[ 0 0 5 4 ] 
[ 0 0 5 5 ] 

IB g ffi f* ® ffi }M ¥ a i: L T fi . ± 3S © J; d |fe g ^> - h 6 2 ± IB Ig ffi f* P ^ » « K « 
^■tt. ffill^>-h6 2^3£^S7?^tc:jl}l-rSii^;T-IBtiffif*P^it}2|-rSo flJzE 

-emmicmmr ^ti\ ^mmmmv^t. ^ > ^ x h -\ k i 2 a @ s ^ n . ib u m f* 

P^i^S7?^tc;ffi}M^^TH«©IBg^lf5®T-. il©IBiiffif*P'g:it}2|-rS}ia;0^ 
ii -t? -3 T j; o 

[ 0 0 5 6 ] 

S 0 

ffi u ;P ( M ^ «\ 4 0 0 ~ 6 0 0 V ) s ^ ^ y t° - ^~ > X « il ( > « ji ) ^ ^ 

n . S D © ^ T © ^ 2 tt tfi « ffi 3 8 (i g tti2 ^ ;P ( g % S8 : ^ 7 « il) |g gj ^ n S o 

S fc . ^ 1 tt tfl « ffi 3 6 . ^ T ® ?IJ ^ Hf t . B ft X - ^ C T . ?IJ # fu ft « J± U 

[ 0 0 5 7 ] 

■r ^ ^ -5 . ^ 2 tt tii « ffi 3 8 ft « E b ^ ;L' S fc (i /N ^ ^ y h° - y X « SS T . o ^ 

1 tt m « a 3 6 ft « ^ ;P ® ±f ^ tc ^ y ^7 Q y ^7 }« }« R L T tti ^ n . ^1 
tt ffi « ffi 3 6 *3 j; H 2 tH « ffi 3 8 (D'p rs t - ij^sm ]y (D m ic It ^ y ^ 

thai* n^i^o 

f*Plc§|^^^irP>ns fBSffif*P®m^f4«t#«LTiiffi>6^mi?ic^nSo 

ti^oT. iic^ttt. y ^ mm R(Dmm(Drcib(DMmmm(DmW} mmm.it. mi^tm 
mm 3 6 (D mm mmmtr^^o 

[ 0 0 5 8 ] 

©^ia:tHlia36^:ty/:4-7Lfc«^. ®l«:milffi36;6mftx-^tc;jSi:TiK«] 
«ffi3 6 *^ft«J±U-^;PSfctt®±ffiU-^;Pt<:«mt<:^{b-rSc H«©IBSBft 

[ 0 0 5 9 ] 

* *3 . H M © -\ >y K 1 2 fc' T » . BO © ^ ffi n L T . m 1 ^innms 6 tm 2 
thm«ffi 3 8 ^ ^ii»©«si. ■r*^^ n 1 a:m«ffi 3 6 ^ 1 ^ji5t)fi:^^iESi L. h^x- 
^(djsuT. m 2 atii^mm3 8 ^^mmr ^ ^ t i^a!m-v$>^ o 

[ 0 0 6 0 ] 
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^ cf] >L^ <h L T . ^ CD M fli © ® a: ffi © ® 1 a; m « ffi 3 6 It nic U )l' K fc ^ 

. ii © w fjj © ?ij © a: m © n 1 a: m « ffi 3 6 - K « ffi © s sij ^ n -r o ii © j; ^ . ± 

/■©Hi thm«ffi3 6-e#?iJ^)li:^j^^>L. Ili#x-^tJSi:TTJB©ll2a:m«ffi3 8 

IH g p°p H ^ ^ ± ^ •lir S il t A'i 1? ^ S o 
[ 0 0 6 1 ] 

ttffl/#thtfi©K?©itI±fSi:tHgKf*PfiJ©it)±ffli;©M^^;^)^mSfflJ;Dfe;^tv^«^tc 
It^ y ^ ti'^attii '^ F/T £ fi <j; D /J^ * tl ^ t f± ^ y ^ ;^)^ tt ffi ^ n 5S: t/^ J; d , fij ®] « 

a fij cj; IH g ffi f* p M © m (± ^ ii i: IS £ -rn tf' j; o 

[ 0 0 6 2 ] 

s/c. ^©si«-ett. ^ >^'45©fe«e?^iE?pm^-tJr. teg«f*ffj^a© a«i±tc:# 

« $ -^^ T 1/^ S iititPIS^n-f\ ^ y ^^©fe«|u?^mti:^«^i^. IEg» 

^;3*t-rSii^ta, IH»®ftP©#«a:^>yhl6. ^^©tttHa5©^lttffl«S3 6 

j; ^ 2 tt ttl « ffi 3 8 -\ © EP i!P « /± g 14 ^ ^ ± 12 © f^ij -rn S o 

[ 0 0 6 3 ] 

J-XT©Ml?tt. ^y^^Qtc^^fC^nSfeW^u^ttlETfffWLTfeD. o T . ^y 

^n. iHSSft p t<:ttm©/W7x«j±;^)'i^«^nso 

[ 0 0 6 4 ] 

H ft © IB g Bf , ^ y ^7 Q 0 b T ^ l W y © If IS a « j; f? . y ^ r^t Pg 

2 6 ^ 0 ^ ffj e M ( 0 1 ^ ^ en a 7^ ^ ) t ^ o T PJr S © fi T? ff iS 5 tl 5 o 
fHg»f* P (is h 1 6 t J; D . m©S«f4 (M^ «\ - 1 5 0 0 V) 

t#«^n. 4 (omm^y- h 6 2 Kmnrnm-^ n^o'o. (0 

-1 5 0 0 V©/W7X-BE;^^^^«Lfc. ^|S]«ffii;^oT(/^So 
[ 0 0 6 5 ] 

d © / W 7 X « E © ^O^i Ed Ijn ^ n T S ^^^c as « . -f y ^7 Q (c ii , ^'^^77smi±t^y 
^Q©fe«l4?©?^f«^©i'-ny?|^, fe«S?PEg©i7-nyS5S^. ^•vy7?«©tt 
14 . a ffi ^ * . 1^ 11 a ^ 1^ ;OMf ffl b . d n :^)^ il fig L T . & « e ? ^ ^ ^ U 7 » 1^ » 
L. 03 (a) t «:i;WtC^-r j; ^ t s am P 4 8 ?>gT# D ±>0^o /c * Xff^^^ 

t^^oT/^^yxp^j^gjnTi^So 

Sfc. ii © y?!;':^^;: ct o T. ^ S 7 X « J± 

#«^nfcfHgffift P t ^p^j^o T^ifi-r So t-JSr^-S. tttfin S 4 ©p5:^Xp(;Xt*5V^T 
tt. ^ y ^ Q^^2iffi^nfc^^ili:5S:oTI/^So 
[ 0 0 6 6 ] 

^(DViMfj^ii. '<y'^mmR^^mr?>rcib(DA)V7.mj±t)'^wtu-$n^ (ttttioN) c 
^js-rs/^;px«M;^)^?. 1 0 o~6 0 ovm&(DA)V7.mj±t/^wtu-$n. wa^ffiSiLT 

S tt ffi ^ R 9 O 

i±©MM(cj;oTjlfi!c^nfca»i;0^'e2: 0. «M?lc»]tc:j;oTe«e?fcj;tf4^^y7« 

;o^/W7x«i± (Mi^mm) mrrj:tji5mmmit? mic^i-D^^n. as (b) (cii:a;eg 
icTjk-r^vic. ?i :::-7.ti xtf'i^SLr . (D ±mt)^ ^ mpimvioj 4 y ^ m.&v'' ^ ^ f- ~ 
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[ 0 0 6 7 ] 

yT^ij^mn. ^-x AXA^a?stc;#i;T. 03 (c) Km±mK^r j;^ ^ ^^t^^f 
. 7 x«i± t ?i o ^ 5) nr. iHSffif* p tdssi-r s o 

mmRli. l3S«f*P t^A^oTW^LTl^So X « J± © EH iJP ^ l« T L /c Hf 

fi!c^nfcS*tt/>^ < >S:^ Tl^^. mS^^J^j'iMji-r S i:. 7 X « J± © ^ 91 ifin ^ 
tlfcKS (a) cD^::^X;^jX®t«cffilcH5o 
[ 0 0 6 8 ] 

« ± © IK e. ^ i '5 t . if m S -Y > X >y h (± . ;P X m J± ( IK » « i± ) 

,^H^^>^^?S?B^tHS»ftP±^<:«#^^^Sili;l:N tHS»ftP±t<:ii(^l K^yhj^j^JgfiSc 
[ 0 0 6 9 ] 

il il T-. *fgH^©^ y ^$>'x MHiiT^ffit^ol^Ttt. IBWW^jIfi^v. S*©^»f 

(v/f)<(axd) i^l 

[ 0 0 7 0 ] 

il il , IB *f W * ^1 ft ja )S V ^ (i . IB il Hf © IB il « f* P ^ > ^ X y h -\ y K 1 2 ^ 

© IB eg * 1^ ft }i a 0 . * ^ ffl m fJ . ± © 9 (c , ^ > i7 X -y h -X >y K 1 2 

@ s ^ n . 12 s §s f* p M )M ^ n s © -c- . mumit?(Dmmms. (le s v - h e 2 © # 

ft a fi ) ^ * S o /c . ^> U 7 ;P <y F © if ^ . 13 g ii . IB g ffi f* @ ^ ti . ^ y 
K ^ S ? ti S © . ^ © <y F © S 32 IS li Sg * II ft 3a a ^ * S o 

-e o fc © ^ ^ jiS © 1? S 0 

[ 0 0 7 1 ] 

tff3zE©cj;9lc;. »fl;5S©-f>^>^'x>yh-et±, i/^;PX©igftttJ±©EnAntc;j;^TlIi( 
©^y^'^SJS^ttffiLT. il©ffiS©^>^^?S?Bl?tBS»ftP±tfeltSl Kyh^J^fiSc 

^'?S?Kt:i^©^>^7?g?S;^)'!M5S:5cJ;9ti:a:ffi^L5S:ltn«">S:?.55:l/^;^)^ ttffi^'lJrS^^^ 

TS^^-f\ ^iit 1 o©Iii# K ^y F ^Jf ijSc-r S 21 ^ ISSiiLT. HHAMfiT 

L T L 3; 9 o 
[ 0 0 7 2 ] 

ti/fc^>^'?g?»©«#f4g*^s^-rso 
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^ S o ii © j; 9 . * 58 © ^ > i/' X >y M2 Si 7? ?£ t j; o T . S 6^ ^ "T S B ft K h ^ 
[ 0 0 7 3 ] 

£1 ill?. *fiKcD^ y ^i>'x ^y MES73ffiti:*5i/^Ttt. S 1 a 1. 1 ii(± 1 5 

* 58 HI! ® ^ > X >y MB g 7? ?£ T « . ■ H W (<: . IE Si K f* « # T S K ^y h © 
M * S © $f S L t.^ o ii ii . F >y h © « # -r S B# fig fig Pi (± 1 / f <fe S © il © PeS 
^ > ^ X >y h -X >y K i; IB Si ffi f* ^ ffi 1 1i » -r S SB it (± V / f -(? S o o T . « 
SiL/c?«?iS©K>y h©Bg^Di;-rS<^. 

D / 2 > V X ( 1 / f ) 

^^So ilill?. «5f L fc?gM© K y h ©Bg D tt. «#ltM©^ y ^fS?g©g d ' 

m^Utfio:!-^ y ^ (Dmm(DW:^d' it. d' = 2d~iod©iEHti:feSi:#x.e>n. ^ 
?>t, «5fLfc?g?B©K^yh©llgDtt. D=l. Id' ~3d' (Dmmic^^ t^^^ 

v/f<(l. 1-15) d 

[ 0 0 7 4 ] 
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